P rotein C, a vitamin K-dependent plasma protein synthesized in the liver, is well known to play an important role in regulating coagulation.' Activation of protein C is initiated by complex formation between thrombin and thrombomodulin on endothelial cells.2 Activated protein C, in conjunction with protein S, is a potent physiological inhibitor of factors Va and VIIIa3 and potentially is an activator of fibrinolysis.4 Protein C deficiency thus leads to a loss of clotting system regulation and a propensity for pathological thrombosis.5 It is widely accepted that the most common manifestations of this disease are venous thrombosis and pulmonary thromboembolism6,7; however, arterial thrombosis only rarely complicates protein C deficiency. 8 We recently encountered two patients with multiple brain infarctions associated with hereditary heterozygous protein C deficiency.
Case Reports Patient 1
A 46-year-old man, a post office clerk with a history of hypertension for 20 years, developed a right-sided visual disturbance 6 months before admission. His colleagues in his office noticed deterioration of his ability to write and calculate. Members of his family also became aware that he was indifferent and depressed. The patient was then admitted to our institute for evaluation of his medical condition on April 25, 1991 (Fig 1) . Cerebral angiography revealed an occlusion of the left posterior cerebral artery but no occlusive changes in other extracranial or intracranial arteries (Fig 2) . Patient 2 This patient was a 61-year-old man, an electrical engineer, with a history of hypertension for Serological tests for syphilis, anticardiolipin antibodies, and lupus anticoagulant were all negative. MRI studies demonstrated numerous foci of low signal intensity on TI-weighted images, which were found to be hyperintense on T2-weighted images in the pons, internal capsules, basal ganglia, thalami, coronae radiatae, and other subcortical regions (Fig 3) . The gadoliniumdiethylenetriamine pentaacetic acid infusion study demonstrated marked enhancement in the tegmentum of the left side of the pons. The number of lacunar infarctions totaled 36. Cerebral angiography revealed no occlusive changes in extracranial or intracranial arteries (Fig 4) .
Because of the multiple brain infarcts seen in these two patients, coagulation studies were undertaken for the two subjects described and their available family members.
Methods
Coagulation studies were performed approximately 6 months after the onset of stroke for patient 1 and after 1 month for patient 2. The patients were not receiving anticoagulants.
Venous blood samples were collected in 3.8% sodium citrate anticoagulant. Each tube was immediately inverted gently several times and then centrifugated at 3000 rpm for 10 minutes at 4°C. The supernatant was then placed in plastic tubes and stored frozen at -80°C until used.
Routine coagulation tests, including prothrombin time, activated partial thromboplastin time, and fibrinogen assay were performed according to standard procedures. Fibrin degradation products were measured by the latex coagulation method using LPIA FDP (Teikokuzoki-seiyaku, Tokyo, Japan). Activities of antithrombin III, plasminogen, a2-plasmin inhibitor, and factor X were evaluated by the chromogenic substrate method; all kits were obtained from Kabi Vitrum AB (Stockholm, Sweden). Cl-inhibitor activity was measured by the chromogenic substrate method (Behringwerke, Marburg, FRG). Plasma prekallikrein was measured with the chromogenic substrate S-2302 from Kabi Vitrum AB. Activities of a2-macroglobulin, cv-antitrypsin, and plasminogen were assayed by the turbidimetric immunoassay using the corresponding antiserum supplied by Behringwerke. Protein induced by vitamin K absence-LI (PIVKA-II) was measured with the PIVKAL test (Teikokuzoki-seiyaku). Protein C antigen was measured by electroimmunoassay with the protein C test (Teijin, Tokyo, Japan). Protein C amidolytic activity was determined by a thrombin-activated assay with chromogenic substrate S-2236 (Kabi Vitrum AB), and protein C anticoagulant activity was measured using commercially available kits from Diagnostica Stago (Asnieres-Sur-Seine, France). Free protein S was quantitated by electroimmunoassay using the protein S test (Teijin). Protein S activity was measured according to the method described by Suzuki (Tables  1 and 2 ). Protein C amidolytic and anticoagulant activities were found to be 52% and 54%, respectively, and the protein C antigen level was also reduced to 54%.
Thus, a diagnosis of heterozygous protein C deficiency type 1 was established in this patient. The mother and two sons of the propositus, who were asymptomatic, also had protein C concentration of approximately one half of the normal range; however, his brother and sister had normal protein C levels ( Table 2) .
Patient 2 and His Family
A diagnosis of heterozygous protein C deficiency type 1 was also established in patient 2, because protein C amidolytic and anticoagulation activities were reduced to 43% and 50%, respectively, and the protein C antigen level was at 57%, while the results of other coagulation studies were all within normal range (Tables 1 and 2 ). cerebral,"13'6"19posterior cerebral," and anterior cerebral" arteries. Some authors'2"7 have described thrombotic occlusion of the internal carotid artery in association with protein C deficiency, while others13"9 have noted recanalization of the middle cerebral artery, which suggested an embolic mechanism.20'21 C show right carotid, left carotid, and right vertebral
In the present series, patient 1 had posterior cerebral artery occlusion that caused cortico-subcortical infarction in the occipital lobe, which was classified as atherothrombotic according to the system of the National Institute of Neurological Disorders and Stroke.22 However, the vast majority of the patient's infarcts were small and were located in the basal ganglia, internal capsule, thalamus, corona radiata, centrum semiovale, and pons. These lesions could thus be regarded as lacunar infarcts. [22] [23] [24] It is well known that lacunar infarcts most often result from the occlusion of small arteries (usually less than 200 gm in diameter) by lipohyalinosis, which is a hypertensive cerebral vasculopathy.2S Our two patients also had a history of hypertension for more than 10 years. Thus, it is unclear whether protein C deficiency itself was the sole cause of infarction in our patients. Their most characteristic MRI findings were multiple lacunar infarcts. It is known that hypertension can cause white matter lesions without stroke symptoms in the 
